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SOME INDICES OF VIGOR AND DETERIORATION
IN SEED OF CRIMSON CLOVER.!/
James D. Helmer, James C. Delouche and Myrta Lienhard
Mississippi State University
Seeds are at their highest quality level at the time of physiological maturity.
Beyond this stage, deterioration processes gain ascendance and seed quality can
only decrease. Among the seed quality factors affected during seed deterioration
are seed viability and seed vigor. Of these two important factors of seed quality,
only seed viability is adequately evaluated under present seed testing procedures.
This situation would be of little importance if the relation between the two factors
was constant. Unfortunately, such is not the case, for seeds usually decline in
vigor at a much more rapid rate than they decline in viability. Thus, a seed lot
may have a relatively high germination percentage but be almost worthless for
planting purposes. Vigor, then, is perhaps a more realistic measure of the degree
of seed deterioration than is viability.
,
Seed vigor, properly evaluated, is not only a measure of the capacity of
seed to survive and emerge under adverse field conditions, but is also a measure
of the storability of seed, i.e., the keeping quality of seed. For seeds low in
vigor are as susceptible to adverse storage conditions as they are to adverse field
conditions.
The objectives of this study were to study the relation of some indices of
seed deterioration to vigor and storability in crimson clover seed.
Review of Literature
For many years, researchers have studied the factors involved in losses
in seed viability during storage. Numerous investigations have been conducted on
the "keeping quality" of the different kinds of crop seed under various storage
conditions. Much of this research, however, was concerned with responses of
different seed kinds and generally ignored differences in response among seed lots
of the same seed kind.
The literature on the storage of crimson clover seed is not voluminous.
Ching (2) reported that under commercial storage conditions in Western Oregon,
crimson clover stored in burlap bags remained highly viable for one year, followed
by a gradual decrease in germination. She also reporte-d that, when. sealed and
stored under warehouse conditions at 380, 220 and 30 C., seed of crimson clover
at 6 and 8 percent moisture maintained high viability for three years (1). Earlier,
Prichard (11) classified crimson clover as a "poor keeper" when compared to
bean, pea, tomato and pumpkin seed.
In recent years, seed vigor has been the focus of much research. The
literature relating to seed vigor and vigor tests has been reviewed by Is ely (8),
Delouche and Caldwell (3) and Toole (15). Therefore, only the literature pertinent
to the present study will be considered. Helmer (6) recently advocated the use of
stress storage conditions as a means of evaluating vigor of crimson and red clover
seed. He reported that under stress storage conditions, seed lots low in vigor
decreased very rapidly in viability, while lots high in vigor were relatively unaffected. Previously, Kearns and Toole (9), stated that within the population of a
seed lot, there are some seeds that will produce normal seedlings after storage
under adverse conditions for long periods of time, while others will be killed or

1/ Journal Paper No. 1038 of the Mississippi Agricultural Experiment Station.
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produce abnormal seedlings after only a short period of storage under such conditions. Thus, there are both inter-lot and intra-lot differences with respect to
seed vigor.
There has been considerable interest recently in the relation of seed
"permeability" to seed viability and vigor. However, as early as 1928 Hibbard
and Miller (7) reported that the electrical resistance of seed steep water from
non-viabile seeds or seeds low in vigor was considerably less than from viable,
vigorous seed under similar conditions. They suggested that non-viable seed or
seed low in vigor were more permeable and hence more electrolytes leached out
of such seed, than in the case of viable, vigorous seed. Presley (10), working
with cottonseed, found that high electrical resistance of seed steep water was
closely associated with high seed vigor. Thomas ( 13) reported similar results for
castor beans. Helmer ( 6), however, stated that the electrical resistance of steep
water from red and crimson clover seed was more closely associated with extent
of mechanical damage to the seed than to field emergence or vigor. Vaughan (16)
found that in the small seeded legumes, rate of seed swelling on moist blotters
was closely associated with viability and vigor.
Helmer (6) recently reported that soaking seeds of crimson clover in solutions of ammonium chloride before testing for germination effectively differentiated between seed of high and low vigor. Seeds high in vigor were only slightly
affected by the treatment, whereas, seeds of low vigor were drastically reduced
in viability.
The relation of speed of germination and seedling growth rate to seed vigor
has long been recognized. Several workers (5, 14) have devised different types of
vigor tests based on speed as well as percentage germination.
Materials and Methods
The lots of seed used in this study were selected from file samples in the
Mississippi State Seed Testing Laboratory only on the basis of comparable germination pe_rcentages. In the stress storage tests, approximately 100 grams of
seed from each lot were bagged in loosely tied cheese cloth and stored in dessicators under three combinations of relative humidity and temperature: (a) 75
percent R. H., 200 c.'!); (b) 100 percent R. H., 350 C.; and (c) 100 percent R.
H., 400 C. The 7 5 percent relative humidity environment was maiJ?.tained over a
saturated aqueous solution of sodium chloride , (NaCl), while distilled water was
used to produce the 100 percent relative humidity condition. Samples were drawn
from each lot at intervals. Two replications of 100 seed each were tested under
standard germination conditions after each sampling period.
In another experiment, seed from each lot of crimson clover were soaked
in a two and four percent solution of ammonium chloride at 400C. for two and one
hours, respectively. At the end of the soaking period, the seeds were emptied
into strainers and rinsed in tap water for 15 seconds. Germination percentages
after treatment were determined on two replications of 100 seed.
Electrical resistance of seed steep water was determined with a Serfass
Conductivity Bridge. Two grams of seed from each lot were placed in a test tube
containing 125 ml. of distilled water maintained at 35° C. in a water bath. The
seed steep water was decanted at intervals of 1, 2, 4, 8, 12 and 16 minutes
through a stainless steel strainer into a flask. The steep water samples were then
allowed to again attain a 350 C. temperature, after which the electrical resistance
was immediately measured. All determinations were replicated four times.

2/ The last two months of the five month storage period at 7 5 percent relative
humidity were at 300 C.
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The length of the radicle-hypocotyl axis was evaluated after four and seven
days at 20° C. Four replications of 15 seed each were planted on a ruled line on
two moist germination towels three inches from the top of the towels. The position
of each seed on the towels was recorded. A third towel was used as a cover and
the three towels were rolled into a cylinder and placed at a 450 inclination in plastic cr1sper boxes. The boxes were in turn placed in a 20° C. germinator. Growth
or length of the radicle-hypocotyl axis was calculated for each time interval on the
basis of the actual number of germinated seeds;· hard seed and dead seed were not
included in the calculations.
Soil tests were conducted in a 200 C. constant temperature room illuminated for 12 hours each day with approximately 500 foot candles of cool, white
fluorescent light. A soil-sand-peat mixture in 5:3:2 ratio was placed in perforated
metal flats. Six replications of 50 seed from each lot were planted one inch deep
and covered. The flats were then sub-irrigated as needed. Emergence counts
were made eight days after planting.
Since hard seed content of any of the eight lots did not exceed 3 percent,
hard seed percentages are not included in the data.
Results and Discussion
On the basis of emergence percentages obtained in the soil tests, the eight
lots of seed can be divided into two groups: ( 1) lots 1 through 4 'Of high vigor; and
(2) lots 5 through 8 of low vigor. The validity of this classification is borne out
by the responses of the lots to the various treatments and conditions (Table 1).
Stress storage conditions were very effective in differentiating among the
low and high vigor seed lots. After storage for only five days at 400 C. and 100
percent relative humidity, lots 5 through 8 markedly decreased in viability, while
lots 1 through 4 were relatively unaffected. Comparable results were obtained
following a 14 day storage period at 35°C. and 100 percent relative humidity. Differences in response to the later condition were evident even after seven days.
Germination percentages after five months storage under the less adverse condition of 20° C. and 7 5 percent relative humidity were very similar to those obtained
after short term storage under stress conditions. Thus, germinative responses
following a short period of storage under stress conditions were indicative not
only of vigor but also of keeping quality or storability.
Of the two ammonium chloride treatments, the two hour soak in 2 percent
ammonium chloride at 400 C. appeared to most effectively differentiate among
high and low vigor seed lots. The differential response of the seed lots to the
ammonium chloride treatment can perhaps be attributed to differences in permeability. Seed of low vigor are more permeable than seed of high vigor (6, 10, 16),
hence, more of the chemical was absorbed under conditions of the treatment
resulting in a considerable toxic effect.
Measurements of the electrical resistance of seed steep water after four
and eight minutes were less effective in differentiating among high and low vigor
seed lots than other treatments. In general, there was a rather uniform decrease
in resistance progressing from lot 1 through lot 8. There was no sharp differentiation between the lots of high vigor (1, 2, 3 and 4) and those low in vigor (lots 5,
6, 7 and 8). The resistance curves over the entire 16 minute steeping period are
shown for lots 2, 4, 6 and · 8 in Figure 1. The curves are rather uniform; each
maintained its same relative position over the entire 16 minute steeping period.
It is probable that resistance readings are affected disproportionately by decayed
or broken seed, i. e. , a few badly decayed or broken seed might result in abnormally low resistance readings. Perhaps, the resistance method might be more
effectively employed to detect changes within the same seed lot by making resistance determinations at intervals. Any decrease in resistance would be an indication
of a deteriorative change in the seed.
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Length of the radicle-hypocotyl axis after a four day germination period
was closely related to seed vigor; the average length of seedlings from lots 1, 2,
3 and 4 was greater than that from lots 5, 6, 7 and 8. After seven days, however,
differences in growth among the lots were not so evident. Speed of germination
and seedling growth are closely related to vigor (3, 4, 14); however, these characteristics are affected by so many factors that precise evaluation is almost
impossible. Moisture content of the substratum, temperature, and time interval
between planting and evaluation must be precisely controlled if inter-lot comparisons are to be valid. Another difficulty with growth tests involves selection of the
proper basis for calculation of growth rate. If average growth rate is calculated
on the basis of the total number of seeds planted, then percentage germination has
the predominate influence on the results. On the other hand, calculations based
on the number of live, germinated seeds are very misleading when a lot contains
only a few live but highly vigorous seed. Fortunately, this problem is minimized
when the lots to be compared have similar germination percentages as was the
case in the present study (Table 1).
Final evaluation of the various treatments and methods for determiriing
vigor and deterioration was based on the correlation of results obtained by each
method with emergence percentages in soil tests and germination percentages
following five months storage (Table 2). Coefficients of determination (r2) were
also calculated and give a value for the closeness of association of the responses
due to the experiment itself. An arbitary r 2 value of . 75 was selected as a minimum standard if a treatment was to be considered as ·having value as an indicator
of vigor or level of deterioration.
With the exception of standard germination percentages, result s from all
other treatments or methods were significantly or highly significantly correlated
with emergence in soil tests. Germinative responses following storage under
stress conditions, however, were most closely correlated with soil emergence.
Further, results from all treatments and methods with exception of standard germination percentages (and growth rate which was not considered), were significantly or highly significantly correlated with germination after five months storage.
Again, germinative responses following storage under stress conditions were most
closely correlated.
The data indicate that storability and vigor are closely related and that
germinative responses following short-term storage under stress conditions provided accurate indices of each. Of the other methods evaluated, the 2 minute
treatment in 2 percent ammonium chloride at 400 C. and electrical resistance of
seed steep water after eight minutes appear to have considerable potential and
warrant further study.
Summary
The effectiveness of several methods and conditions in differentiating
among levels of deterioration and vigor in crimson clover seed were evaluated.
Germinative response following a brief period of storage under very severe
conditions was closely correlated with emergence percentage in soil tests and
viability following 5 months storage under less adverse conditions.
A two hour soak in a 2 percent solution of ammonium chloride was very
effective in differentiating among high and low vigor seed lots. Rate of seedling
growth and electrical resistance of seed steep water were also correlated with
emergence in soil tests, but appeared to be less effective indices of vigor or
deterioration than the ammonium chloride treatments or stress storage conditions.
The results of this study indicate there is a close relationship between seed vigor
and storability or "keeping quality" in crimson clover seed.
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Figure 1. Electrical resistance of steep water from four lots of
crimson clover seed after various steeping periods.
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Table l.

Responses of crimson clover seed lots to various conditions and trPatments.

Lots
1

2

3

4

5

6

7

8

88.0
•
73.4

86.8

80.8

83.2

86.2

83.2

77.8

82.2

68.0

67.0

74.0

43.0

32.4

29.6

23.6

84.0

84.0

8 3. 0

67.0

35.5

30.0

31.5

26.0

35° C - 100% R. H.
7 days
14 days

94.0
71.5

86.5
72.5

82.5
65.5

85.0
63.5

65.0
21. 0

71.5
13.0

65.0
27.0

50.0
9.5

40° C - 100% R. H.
5 days

92.0

84.5

77.5

73.0

39.5

31. 5

16.5

6.5

76.0
80.0

79.0
85.0

64.0
64.5

59.0
59.5

32.0
50.0

37. 0
57.0

46.5
47.0

24.0
34.0

143.8
75.5

131. 2
78.5

85.8
54.0

98.5
58.8

81.0
44.8

77.5
38. 0

72.0
38. 5

63.2
30.5

26.6
59. 1

25.0
54.3

26.0
61.0

20. 1
47. 1

17. 1
48.0

15.4
41.8

17.7
48.9

13.8
37. 1

Treatment
Laboratory germination
Soil emergence
20° C - 7 5% R. H.
5 mos.

NH

4

Cl
2% - 2 hrs.
4% - 1 hr.

Electrial resistance
4 min.
8 min.

a ·

b

Seedling length (mm.)
4 days
7 days

a
bAll data in terms of germination or emergence percentages unless otherwise indicated.
Data in thousands (000) of ohms/em specific resistance.
.

'
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Table 2. Correlation of responses of crimson clover seed under various
conditions with soil test emergence and viability after 5 months storage.

Condition
With Soil Emergence
Standard Germination
35°C - 100% R. H. - 7 days
35°C - 100% R. H. - 14 days
40°C - 100% R. H. - 5 days
2% NH C 1 - 2 hrs .
4
4% NH 4 Cl - 1 hr.
Resistance - 4 min.
Resistance - 8 min.
Growth - 4 days
Growth - 7 days
0

With 5 Months Storage (20 C.
Standard Germination
35°C - 100% R. H. 35°C - 100% R. H. 40°C - 100% R. H. 2% NH Cl - 2 hrs.
4
4% NH C 1 - 1 hr.
4
Resistance - 4 min.
Resistance - 8 min.

r

r2

.491
. 925**
.958**
.976**
.872**
. 8"16*
.799*
. . 891**
.874**
.762*

. 24
.86
.92
.95
.76
.67
.64
.79
.76
. 58

.432
. 900**
. 980**
.967**
. 939**
.871**
.819*
. 910**

. 19
.81
. 96
.94
.88
.76
.67
.83

- 75% R. H.)
7 days
14 days
5 days

* Denotes significance at 5% level of probability.
**Denotes significance at 1% level of probability.

